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Toll-like receptor 3 gene polymorphisms
are not associated with the risk of
hepatitis B and hepatitis C virus infection
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ABSTRACT

Introduction: The present study investigated the prevalence of two single-nucleotide polymorphisms (SNPs) in the Toll-like
receptor 3 (TLR3) gene in patients infected with hepatitis B virus (HBV) and hepatitis C virus (HCV). Methods: Samples
collected from HCV (n = 74) and HBV (n = 35) carriers were subjected to quantitative real-time PCR (qPCR) to detect the
presence of the SNPs rs5743305 and rs3775291 in 7LR3 and to measure the following biomarkers: alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), and prothrombin time (PT). A healthy control
group was investigated and consisted of 299 HCV- and HBV-seronegative individuals. Results: No significant differences in
allele, genotype and haplotype frequencies were observed between the investigated groups, and no association was observed
between the polymorphisms and histopathological results. Nevertheless, genotypes TA/AA (rs5743305) and GG (rs3775291)
appear to be associated with higher levels of ALT (p<0.01), AST (p<0.05) and PT (p<0.05). In addition, genotypes TT (rs5743305;
p<0.05) and GG (rs3775291; p<0.05) were associated with higher GGT levels. Conclusions: This genetic analysis revealed the
absence of an association between the polymorphisms investigated and susceptibility to HBV and HCV infection; however, these
polymorphisms might be associated with a greater degree of biliary damage during the course of HCV infection.
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Single-nucleotide polymorphism (SNP) 15743305 (-1077 T>A)
is located in the promoter region of the 7LR3 gene and might
influence its transcription. SNP rs3775291 (1234 C>T) is a
nonsynonymous mutation (Leu412Phe) located in the fourth
exon and occurs very frequently in HCV carriers who require
liver transplantation®. In addition, rs3775291 is a risk factor for
chronic HBV infection'” and has been associated with resistance
to human immunodeficiency virus (HIV) infection) (12,

INTRODUCTION

Toll-like receptor 3 (TLR3) is a major intracellular receptor
that recognizes viral double-stranded RNA (dsRNA)® and
initiates inflammatory responses against deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) viruses, such as hepatitis
B virus (HBV) and hepatitis C virus (HCV). Therefore, TLR3
plays an important role in the immune response to infections
caused by such viruses and might influence the chronicity of such

Given these reports concerning the influence of the 7LR3
gene on infections caused by HCV and HBYV, the present study

viruses, eventually leading to liver cirrhosis and hepatocellular
carcinoma®®@®) Furthermore, polymorphisms in the Toll-like
receptor 3 gene have been associated with susceptibility to or
the clinical progression of infection©® ?® ©),
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investigated the prevalence of 7LR3 SNPs 155743305 and rs3775291
in hepatitis patients who visited a northern Brazil hospital that
is a regional reference for the treatment of hepatic diseases.

METHODS

Study population

In this study, samples were collected from 74 HCV carriers
and 35 HBV carriers at the liver disease outpatient clinic of
Holy House of Mercy of Para Foundation Hospital [Hospital
da Fundagdo Santa Casa de Misericordia do Parda (FSCMPA)].
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The selected participants were consecutive patients, of both
genders, with chronic HCV or HBV infection; their age ranged from
22 to 80 years. The control group consisted of 299 HCV- and HBV-
seronegative individuals of both genders and aged 19 to 68 years.
All of the recruited individuals signed an informed consent form.

The inclusion criteria were as follows: individuals aged
18 years or older of either gender, hepatitis B surface antigen
(HBsAg)-positive for more than six months, HCV RNA-
positive, and with or without a persistent elevated alanine
aminotransferase (ALT) level. Individuals without a history of
hepatobiliary disease or autoimmune hepatitis who did not meet
the inclusion criteria, individuals co-infected with hepatitis D
virus (HDV) and/or HIV, and patients who were previously or
currently treated for HBV or HCV were excluded from the study.

This study was approved by the Research Ethics Committee
of the Federal University of Para, protocol n® 684.432/2014,
in accordance with resolution n° 466/2012 from the National
Health Council, which addresses regulatory standards and
guidelines for research involving humans.

Obtained samples and histopathological analysis

Blood samples were collected in vacuum tubes containing
diaminoethanetetraacetic acid (EDTA) as an anticoagulant, and
the plasma was separated by centrifugation and stored at -20°C
until use. Biopsies were performed using a Tru-Cut needle and
were guided by ultrasound. Each sample was divided into two
parts. One part was subjected to histopathological examination
after hematoxylin-eosin (HE), chromotrope aniline blue (CAB),
Gomori’s reticulin and Shikata’s orcein staining in the Department
of Anatomic Pathology at Federal University of Para (UFPA).
The diagnosis followed the French classification METAVIR
(METAVIR Cooperative Study Group), which scores the activity
of portal and periportal inflammatory infiltrates from 0 to 3 and
any structural changes from 0 to 4. The remaining portion of each
biopsy specimen was sent for genetic analysis at the Laboratory of
Virology of the Institute of Biological Sciences/Federal University
of Para (ICB/UFPA) and was stored at -70°C until the time of use.

Genetic analysis

Genomic DNA was extracted from total peripheral blood
leukocytes following the protocol of a nucleic acid isolation
kit (Gentra Systems, Inc., USA). The procedure included
the following steps: cell lysis, protein precipitation, DNA
precipitation, and DNA hydration. Data related to ALT, aspartate
aminotransferase (AST), gamma-glutamyl transpeptidase (GGT),
and prothrombin time (PT) quantification were collected from the
Virus Laboratory’s database and the participants’ clinical records.

The extracted DNA was subjected to real-time polimerase
chain reaction (qPCR) using a Step One Plus Sequence Detector
(Life Technologies, Foster City, CA, USA). For each assessed
polymorphism, the assays included one pair of primers and
one pair of probes VIC® (VIC fluorescent dye) and FAM®
(fluorescein amidite) labeling were used for each allele of the
corresponding polymorphisms. Each reaction included 3.5uL
H,O, 5.0pL TagMan® Universal PCR Master Mix [2X], 0.5uL
TagMan® Assay Mix [20X], and 1pL DNA in a 10-puL final
volume. The following temperature cycles were used for the
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amplification and detection of alleles: 60°C for 30 seconds,
95°C for 10 minutes, and 50 cycles of 92°C for 30 seconds and
60°C for 90 seconds. Assays C_ 393058 10and C_1731425 10
(Life Technologies, Foster City, CA, USA) were used for
polymorphisms rs5743305 and rs3775291, respectively.

Statistics

Genotype and allele frequencies were estimated by direct
counting. Genotype frequencies and expected Hardy-Weinberg
equilibrium were estimated with the chi-square test (?) using the
BioEstat 5.0 software!'®. A simple logistic regression analysis
was performed to investigate the association of genetic models
(i.e., codominant, dominant, recessive and overdominant)
with the risk of HCV and HBV infection. The risk of disease
progression was calculated as an odds ratio (OR) with a 95%
confidence interval (CI).

The allele, genotype and haplotype frequencies were
compared between groups using the chi-square test (%?). To
determine whether the variables AST, ALT, GGT and PT
followed a normal distribution, D’ Agostino’s test was used, and
the mean values of the laboratory markers were compared using
analysis of variance (ANOVA). A p-value <0.05 was considered
statistically significant using the BioEstat 5.0 software(!?.

RESULTS

All studied groups were found to be in Hardy-Weinberg
equilibrium, and no significant differences in the allele, genotype
and haplotype frequencies of the investigated polymorphisms
were observed (Table 1). Nine haplotypes were observed in the
patient and control groups, with haplotype TT/GA as the most
frequent in the control and HCV-positive groups and haplotype
TT/GG as the most frequent in the HBV-positive group (Table 1).

Comparisons of the polymorphisms, inflammatory activity,
degree of fibrosis and presence of cirrhosis in the chronically
infected HCV and HBV patients (Table 2) revealed no
significant associations. Additionally, none of the suggested
genetic models (i.e., codominant, dominant, recessive or
overdominant) was associated with the risk of infection with
HBV and HCV (Table 3).

The mean values of ALT, AST, GGT and PT followed a
normal distribution. The presence of allele A in genotypes
TA/AA (rs5743305) was associated with higher AST (p<0.05)
levels in HCV carriers compared to HBV-infected individuals
(Figure 1). The same results were found with respect to
the GGT level in genotypes TT (rs5743305; p<0.05) and
GG (1rs3775291; p<0.05).

Alanine aminotransferase levels were higher (p<0.01) in
HCV-infected subjects carrying the GG genotype (rs3775291)
than in HBV-infected patients. However, GGT levels were
higher in HCV patients than in HBV patients, independent of
the polymorphism analyzed.

Finally, among the HCV-infected subjects, PT was higher in
individuals exhibiting genotypes TA/AA (rs5743305; p<0.05)
and GG (rs3775291; p<0.05) than in the HBV-infected group.
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TABLE 1 - Allele, genotype and haplotype frequencies of 7oll-like receptor 3 gene polymorphisms in the control group, chronic HCV

carriers and chronic HBV carriers.

Control HCV-positive HBV-positive pl p2
Genetic profile n % n % n % p value p value
Polymorphism
rs5743305
TT 147 49.2 40 54.1 20 57.1
TA 129 43.1 29 39.2 12 343
AA 23 7.7 5 6.7 3 8.6 0.7516 0.6028
T 423 70.7 109 73.7 52 74.3
A 175 29.3 39 26.3 18 25.7 0.5485 0.6308
1s3775291
GG 134 44.8 24 414 26 55.3
GA 132 442 30 51.7 18 383
AA 33 11.0 4 6.9 3 6.4 0.4612 0.3439
G 400 66.9 78 67.2 70 74.5
A 198 33.1 38 32.8 24 25.5 0.9728 0.1788
Haplotypes
1s5743305/rs3775291
TT/GG 53 17.7 10 17.3 10 31.2 0.9275 0.5010
TT/GA 70 234 18 31.0 8 25.0
TT/AA 24 8.0 2 3.5 1 3.1
TA/GG 67 224 12 20.7 4 12.5
TA/GA 54 18.1 11 19.0 6 18.8
TA/AA 8 2.7 2 34 - -
AA/GG 14 4.7 2 3.4 3 9.4
AA/GA 8 2.7 1 1.7 - -
AA/AA 1 0.3 - - - -

Notes: Conventional symbol used: (-) numerical data equal zero. pl = comparison between control group and HCV-positive group. p2 = comparison between
control group and HBV-positive group. HBV: hepatitis B virus; HCV: hepatitis C virus.

DISCUSSION

The results of this study suggest that the investigated
polymorphisms are not associated with susceptibility to
HBYV and HCV infection or with the inflammatory activity,
the degree of fibrosis or cirrhosis. Nevertheless, the results
did suggest that polymorphisms might play a role in disease
progression because genotypes TA/AA (rs5743305) and GG
(rs3775291) appear to be associated with a greater degree of
biliary and liver damage in HCV-infected individuals. These
findings are inconsistent with the results reported by Askar
et al.®, who found no relationship between polymorphism
rs5743305 and HCV chronicity.
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TLR3 plays a significant role in HCV and HBV infection
because it is responsible for the production of interferon (IFN)
and for the activation of interferon-stimulated genes (ISGs)
and IFN regulatory factor 3 (IRF-3), which helps to maintains
a low rate of viral replication (1 (16 Therefore, we suggest
that the more severe liver damage that was observed in the
HCYV patients carrying genotypes TA/AA (rs5743305) and
GG (rs3775291) occurs due to the increased production of
proinflammatory cytokines, particularly TNF (tumor necrosis
factors), IL-1 (interleukin 1), IL-6 and IFN-a,  and vy, by hepatic
cells during liver injury; these cytokines are somehow related
to the pathogenesis of the investigated viruses.

TLR3 activation efficiently suppresses HBV replication
through the stimulation of IFN-f in murine liver cells!'?.
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TABLE 2 - Correlation between liver histopathology (METAVIR classification) and polymorphisms in the 7LR3 gene in chronically
infected HCV and HBYV patients.

Genetic and Inflammatory activity Fibrosis degree Cirrhosis
infection profile Oto1l 2to3 p value 0to2 3to4 p value yes no p value
HCV
rs5743305 n % n % n % n % n % n %
TT 20 64.5 11 355 22 71.0 9 29.0 11 275 29 725
TA/AA 16 54.1 12 429 0.7546 19 679 9 32.1 09809 7 206 27 204 0.6754
rs3775291
GG 9 47.4 10 526 14 737 5 26.3 4 16.7 20 883
GA/AA 19 73.1 7 269 0.1483 18 692 8 30.8  0.9941 11 323 23 67.7 0.2987
HBV
1s5743305
TT 9 81.8 2 18.2 10 909 1 9.1 2 10.0 18 90.0
TA/AA 4 66.7 2 333 09162 5 83.3 1 16.7 0.7397 4 26.7 11 733  0.4024
1s3775291
GG 12 85.7 2 14.3 12 857 2 14.3 5 192 21 80.8
GA/AA 7 77.8 2 222 09413 8 88.9 1 1.1 0.6822 4 19.1 17 80.9 0.7217

METAVIR: METAVIR scoring system; TLR3: Toll-like receptor 3; HBV: hepatitis B virus; HCV: hepatitis C virus. *Chi-square test with Yates’ correction.

However, HBV polymerase inhibits IFN-f3 promoter region
activity, thus blocking both IFN-B expression and TLR3-
mediated antiviral activity"®. In the case of HCV infection,
an increase in HCV envelope protein E1E2 is associated with
reduced TLR3 expression'®. In addition, the reduced amounts
of intracellular Toll-IL-1 receptor domain-containing adaptor
inducing IFN-B (TRIF) that occur during HCV infection also
impair TLR3 signaling'¥. Thus, we believe that the action of the
polymorphisms investigated in this study is more relevant in HCV
infection than in HBV infection, as HCV directly affects gene
expression as an escape mechanism, which might be hindered
by the location of polymorphism rs5743305 in the promoter
region. As HBV reduces INF-f expression, the polymorphisms
investigated in this study might lack this activity during infection.

Certain studies have demonstrated that allele A (rs3775291)
reduces the ability of TLR3 to recognize double-stranded
RNA, leading to decreased activation of nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB)(? @,
Therefore, this allele might represent a protective factor
against liver failure, as the inflammatory response would not
be exacerbated during the course of an HCV infection; in contrast,
there is no relationship between this allele and HBV infection.

In chronic viral hepatitis, TLR3 expression is increased in
intrahepatic biliary epithelial cells®? and likely plays a role in the
onset of biliary damage. Our results suggest that polymorphisms
in the TLR3 gene (i.e., 1s5743305 and rs3775291) might be
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associated with increased GGT levels in patients infected with
HCYV but not in patients infected with HBV.

The results of this study suggest that the influence of the
investigated polymorphisms might be greater in HCV infection,
contributing to increased liver damage in comparison to HBV
infection. Finally, further studies with larger cohorts are needed
to confirm or refute the results and conclusions reported here.
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FIGURE 1 - ALT, AST, GGT, and PT levels according to the genotype of Toll-like receptor 3 gene polymorphisms rs5743305 and
rs3775291 in HBV and HCV carrier groups. ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl
transpeptidase; PT: prothrombin time; HBV: hepatitis B virus; HCV: hepatitis C virus.

www.rsbmt.org.br — www.scielo.br/rsbmt 141



Rev Soc Bras Med Trop 48(2):136-142, Mar-Apr, 2015

142

REFERENCES

Alexopoulou L, Holt AC, Medzhitov R, Flavell RA. Recognition
of double-stranded RNA and activation of NF-kappaB by toll-like
receptor 3. Nature 2001; 413:732-738.

Naka K, Dansako H, Kobayashi N, Ikeda M, Kato N. Hepatitis C
virus NS5B delays cell cycle progression by inducing interferon-
beta via Toll-like receptor 3 signaling pathway without replicating
viral genomes. Virology 2006; 346:348-362.

Howell J, Sawhney R, Skinner N, Gow P, Angus P, Ratnam D, et al.
Toll-like receptor 3 and 7/8 function is impaired in hepatitis C rapid
fibrosis progression post-liver transplantation. Am J Transplant
2013; 13:943-953.

Karimi-Googheri M, Arababadi MK. TLR3 plays significant roles
against hepatitis B virus. Mol Biol Rep 2014; 41:3279-3286.

Wang Y, LiJ, Wang X, Ye L, Zhou Y, Thomas RM, Ho W. Hepatitis C
virus impairs TLR3 signaling and inhibits IFN-lambda 1 expression
in human hepatoma cell line. Innate Immun 2014; 20:3-11.

Lee SO, Brown RA, Razonable RR. Association between a functional
polymorphism in Toll-like receptor 3 and chronic hepatitis C in liver
transplant recipients. Transpl Infec Dis 2013; 15:111-119.

Al-Qahtani A, Al-Ahdal M, Abdo A, Sanai F, Al-Anazi M, Khalaf
N, et al. Toll-like receptor 3 polymorphism and its association with
hepatitis B virus infection in Saudi Arabian patients. ] Med Virol
2012; 84:1353-1359.

Askar E, Bregadze R, Mertens J, Schweyer S, Rosenberger A,
Ramadori G, et al. ] Med Virol 2009; 81:1204-1211.

Hwang YH, Ro H, Choi I, Kim H, Oh KH, Hwang JL, et al. Impact
of polymorphisms of TLR4/CDI14 and TLR3 on acute rejection in
kidney transplantation. Transplant 2009; 88:699-705.

Rong Y, Song H, You S, Zhu B, Zang H, Zhao Y, et al. Association
of Toll-like receptor 3 polymorphisms with chronic hepatitis B and
hepatitis B-related acute-on-chronic liver failure. Inflammation
2013; 36:413-418.

Huik K, Avi R, Pauskar M, Kallas E, Jogeda EL, Karki T, et al.
Association between TLR3 rs3775291 and resistance to HIV

13.

14.

15.

17.

18.

19.

20.

21.

among highly exposed Caucasian intravenous drug users.
Infect Genet Evol 2013; 20:78-82.

Sironi M, Biasin M, Cagliani R, Forni D, Luca MD, Saulle I, et al.
A common polymorphism in TLR3 confers natural resistance to
HIV-1 infection. J Immunol 2012; 188:818-823.

Ayres M, Ayres JRM, Ayres DL, Santos AS. BioEstat 5.0.
Aplicagdes Estatisticas nas Areas das Ciéncias Biologicas e
Meédicas. Brasilia: Sociedade Civil Mamiraua; 2007.

Wang N, Liang Y, Devaraj S, Wang J, Lemon SM, Li K. Toll-like
receptor 3 mediates establishment of an antiviral state against
hepatitis C virus in hepatoma cells. J Virol 2009; 83:9824-9834.

Isogawa M, Robek MD, Furuichi Y, Chisari FV. Toll-like receptor
signaling inhibits hepatitis B virus replication in vivo. J Virol
2005; 79:7269-7272.

Eksioglu E, Zhu H, Bayouth L, Bess J, Liu HY, Nelson DR, et al.
Characterization of HCV interactions with Toll-like receptors and
RIG-I in liver cells. PLoS One 2011; 6:¢21186.

Wu J, Lu M, Meng Z, Trippler M, Broering R, Szczeponek A,
et al. Toll-like receptor-mediated control of HBV replication
by nonparenchymal liver cells in mice. Hepatology 2007; 46:
1769-1778.

Yu S, Chen J, Wu M, Chen H, Kato N, Yuan Z. Hepatitis B virus
polymerase inhibits RIG-I- and Toll-like receptor 3-mediated beta
interferon induction in human hepatocytes through interference
with interferon regulatory factor 3 activation and dampening of
the interaction between TBK1/IKKepsilon and DDX3. J Gen Virol
2010; 91:2080-2090.

Ranjith-Kumar CT, Miller W, Sun J, Xiong J, Santos J, Yarbrough
I, et al. Effects of single nucleotide polymorphisms on Toll-like
receptor 3 activity and expression in cultured cells. J Biol Chem
2007; 282:17696-17705.

Zhou P, Fan L, Yu K, Zhao MW, Li XX. Toll-like receptor 3
C1234T may protect against geographic atrophy through decreased
dsRNA binding capacity. FASEB J 2011; 25:3489-3495.
Nakamura M, Funami K, Komori A, Yokoyama T, Aiba Y, Araki
A, et al. Increased expression of Toll-like receptor 3 in intrahepatic

biliary epithelial cells at sites of ductular reaction in diseased
livers. Hepatol Int 2008; 2:222-230.

www.rsbmt.org.br — www.scielo.br/rsbmt



